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A 3D system-level packaging method includes providing a
packaging substrate, forming a glue layer on the substrate,
and attaching a first chip layer at an opposite side of a func-
tional surface of the first chip layer on the packaging substrate
through the glue layer. The method also includes forming a
first sealant layer on the packaging substrate at a same side
attached with the first chip layer and exposing bonding pads
of'the first chip layer. The method also includes forming first
vias in the first sealant layer, forming first vertical metal
wiring in the first vias, and forming a first horizontal wiring
layer on the sealant layer interconnecting the first chip layer
and the first vertical metal wiring. Further, the method
includes forming a plurality of package layers on the first
sealant layer, and each of the plurality of package layers
includes a chip layer, a sealant layer covering the chip layer,
and vertical metal wiring and a horizontal wiring layer inter-
connecting adjacent package layers.
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— S101
Providing a substrate /
L— 5102
Forming a glue layer on the substrate /
Attaching the opposite side of the functional surface of the chips or
chips and passive devices on the glue layer / 5103

Forming a first sealant layer on the substrate at the same side attached
with the first chip layer or the first mounting layer and exposing /’ 5104
bonding pads of the first chip layer or the first mounting layer

Forming first vias on the first sealant layer and filling conductive L — 5105
materials in the first vias to form first vertical metal wiring

Forming a first wiring layer and connecting the second vertical metal | _— S106
wiring

Stacking a second chip layer or a second mounting layer on the first | _— 107
sealant layer

Forming a second sealant layer on the first sealant layer and covering
the second chip layer or the second mounting layer while exposing the/’ 5108
bonding pads of the second chip layer or the second mounting layer

Forming second vias on the second sealant layer and filling conductive
materials in the second vias to form second vertical metal wiring /
connecting the first wiring layer

L— 5109

Forming a second wiring layer on the second sealant layer and —S$110
connecting the second vertical metal wiring

/\l/

Figure 1
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/}/

Stacking a third chip layer or a third mounting layer on the second |_— S111
sealant layer

Forming a third sealant layer on the second sealant layer and covering
the third chip layer or the third mounting layer while exposing bonding//_ S112
pads of the third chip layer or the third mounting layer

Forming third vias on the third sealant layer and filling conductive
materials in the third vias to form third vertical metal wiring in the third/
sealant layer connecting the second wiring layer

L— 5113

Forming a third wiring layer on the third sealant layer and connecting | — S114
the third vertical metal wiring

Forming a first protecting layer on the third sealant layer and partially | — §115
exposing the third wiring layer

Forming a metal redistribution layer on the first protecting layerand | — S116
connecting the third wiring layer on the partially exposed surface

Forming a second protecting layer on the first protecting layerand | —— g117
partially exposing the metal redistribution layer

Forming an under-the-ball metal layer on the exposed surface of the | _— §118
metal redistribution layer

Planting metal solder balls on the under-the-ball metal layer //_ S119

Figure 2
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THREE-DIMENSIONAL SYSTEM-LEVEL
PACKAGING METHODS AND STRUCTURES

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims the priority of Chinese
patent application no. 201110070278.2, filed on Mar. 23,
2011, and Chinese patent application no. 201110070487.7,
filed on Mar. 23, 2011, the entire contents of all of which are
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to semiconductor tech-
nologies in general and, more specifically, to the methods and
structures for three-dimensional (3D) system-level semicon-
ductor packaging.

BACKGROUND

[0003] Wafer Level Packaging (WLP) is a technique for
packaging and testing an entire wafer and then cutting the
tested wafer into individual finished chips such that the fin-
ished chips after packaging are the same sizes as the dies. The
WLP technology completely revolutionized traditional pack-
aging technologies such as Ceramic Leadless Chip Carrier
and Organic Leadless Chip Carrier. This technique meets the
growing market demands for lighter, smaller, thinner, and
lower-cost microelectronic products. Through the wafer-
level chip-size packaging technique, the chip size may
achieve a high-degree of miniaturization and, consequently,
the chip cost is significantly reduced with the decrease of the
chip size and the increase of the wafer size. The wafer-level
chip-size packaging technique may enable a true integration
of'integrated circuit (IC) design, wafer fabrication, packaging
and testing, and substrate manufacturing at the wafer level,
representing one of current research focuses in the packaging
technology and leading the future development trend.
[0004] Fan-out wafer level packaging is one type of wafer-
level packaging technologies. For example, Chinese patent
application 200910031885.0 disclosed one wafer-level fan-
out chip packaging method, the process steps including: cov-
ering the circular carrier substrate surface with a stripping
film and a thin film dielectric layer I sequentially, and forming
photolithography pattern openings I on the thin film dielectric
layer I; forming metal electrodes connecting the substrate and
re-wiring metal wires on the photolithography pattern open-
ings I and its surface; covering the surfaces of metal elec-
trodes connecting the substrate, re-wiring metal wires, and
thin film dielectric layer I with thin-film dielectric layer II,
and forming photolithography pattern openings 11 on the thin
film dielectric layer II; constructing metal electrodes connect-
ing chips on the photolithography pattern openings II; flip-
ping the chips onto the metal electrodes and performing plas-
tic encapsulation and curing to form a packaging structure
with a plastic sealant layer; separating the circular carrier
substrate and the striping film from the packaging structure
with the plastic sealant layer to form a plastic-encapsulated
wafer; planting and reflowing balls to form solder balls or
bumps; cutting the plastic-encapsulated wafer into individual
finished fan-out chip structures.

[0005] However, the final products made by the above
packaging method may only support a single chip function.
To achieve complete system functions, peripheral circuits
including capacitors, inductors or resistors may need to be
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added at the outside of the final products. Further, the above
method may be unable to be applied to manufacturing of
multi-layer packaging structures with complex connections.
Further, when such packaging method is used, the system-
level packaging integration degree may be still undesired.
[0006] The disclosed methods and systems are directed to
solve one or more problems set forth above and other prob-
lems.

BRIEF SUMMARY OF THE DISCLOSURE

[0007] One aspect of the present disclosure includes a 3D
system-level packaging method. The method includes pro-
viding a packaging substrate, forming a glue layer on the
substrate, and attaching a first chip layer at an opposite side of
a functional surface of the first chip layer on the packaging
substrate through the glue layer. The method also includes
forming a first sealant layer on the packaging substrate at a
same side attached with the first chip layer and exposing
bonding pads of the first chip layer. The method also includes
forming first vias in the first sealant layer, forming first ver-
tical metal wiring in the first vias, and forming a first hori-
zontal wiring layer on the sealant layer interconnecting the
first chip layer and the first vertical metal wiring. Further, the
method includes forming a plurality of package layers on the
first sealant layer, and each of the plurality of package layers
includes a chip layer, a sealant layer covering the chip layer,
and vertical metal wiring and a horizontal wiring layer inter-
connecting adjacent package layers.

[0008] Another aspect of the present disclosure includes a
3D system-level packaging structure. The 3D system-level
packaging structure includes a packaging substrate, a glue
layer formed on the substrate, a first chip layer, and a first
sealant layer. The first chip layer is attached on the packaging
substrate through the glue layer at an opposite side of a
functional surface ofthe first chip layer. The first sealant layer
is formed on the packaging substrate at a same side attached
with the first chip layer and exposing bonding pads of the first
chip layer. Further, the 3D system-level packaging structure
includes first vias formed in the first sealant layer, first vertical
metal wiring formed in the first vias, a first horizontal wiring
layer, and a plurality of package layers. The first horizontal
wiring layer is formed on the sealant layer interconnecting the
first chip layer and the first vertical metal wiring. The plurality
of package layers are formed on the first sealant layer, and
each of the plurality of package layers includes a chip layer, a
sealant layer covering the chip layer, and vertical metal wir-
ing and a horizontal wiring layer interconnecting adjacent
package layers.

[0009] Otheraspects ofthe present disclosure can be under-
stood by those skilled in the art in light of the description, the
claims, and the drawings of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1 and 2 illustrate an exemplary 3D system-
level packaging process consistent with the disclosed
embodiments;

[0011] FIGS. 3-9 illustrate exemplary packaging structures
corresponding to various steps in the 3D system-level pack-
aging process consistent with the disclosed embodiments;
and

[0012] FIG. 10 illustrates another exemplary 3D system-
level packaging structure consistent with the disclosed
embodiments.
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DETAILED DESCRIPTION

[0013] Reference will now be made in detail to exemplary
embodiments of the invention, which are illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

[0014] FIGS. 1-2 illustrate an exemplary 3D system-level
packaging process consistent with the disclosed embodi-
ments. As shown in FIG. 1, at the beginning of the process, a
packaging substrate is provided (S101). FIG. 3 shows an
exemplary structure corresponding to S101.

[0015] Asshown inFIG. 3, asubstrate 101 is provided. The
substrate 101 may include any appropriate material used for
1C packaging. For example in this embodiment, substrate 101
may include a silicon-based substrate (e.g., a wafer sub-
strate). The silicon-based substrate may be configured to have
metal wiring to achieve the circuit integration function for the
final products. Other types of substrates may also be used. For
example, based on different designs, substrate 101 may also
include a glass material for desired hardness and flatness.
[0016] Returning to FIG. 1, after the substrate 101 is pro-
vided, a glue layer may be formed on the substrate (S102).
FIG. 3 shows an exemplary structure corresponding to S102.
[0017] AsshowninFIG.3,agluelayer102is formedonthe
substrate 101. The substrate 101 may be the base both for a
subsequent first chip layer or first mounting layer and each
layer of packaging structures formed subsequently. The glue
layer 102 may be used to affix or attach the first chip layer or
the first mounting layer on the substrate 101. Further, the glue
layer 102 may be formed on the substrate 101 by any appro-
priate means, such as spin coating or printing. Under certain
circumstances, glue layer 102 may be omitted or other attach-
ing means may be used.

[0018] Returning to FIG. 1, after the glue layer 102 is
formed on substrate 101, a first chip layer or a first mounting
layer may be attached on the substrate 101 at the opposite side
of the functional surface of the chips or chips and passive
devices in the first chip layer or the first mounting layer
(8103). FIG. 4 shows an exemplary structure corresponding
to S103.

[0019] As shown in FIG. 4, first chip layer or the first
mounting layer 103 may be attached on the substrate 101 at
the opposite side of the functional surface of the chips and
passive devices in the first chip layer or the first mounting
layer 103. As used herein, the functional surface of the first
chip layer or the first mounting layer 103 refers to the surface
having chip solder pad(s) or bonding pad(s) and passive
device solder pad(s) or bonding pad(s).

[0020] The first chip layer or the first mounting layer 103
and any subsequent chip layer or mounting layer may include
a single chip or multiple chips, i.e., a chip group. When
multiple chips are included, the multiple chips may be of the
same type or different types. Similarly, the first chip layer or
the first mounting layer 103 and any subsequent chip layer or
mounting layer may include a single passive device or mul-
tiple passive devices, i.e., a passive device group. When mul-
tiple passive devices are included, the multiple passive
devices may be of the same type or different types. Depending
on particular circuitry designs, a chip layer may include a chip
group, a passive group, or both. Each chip or each passive
device may be one part of a system-level packaging structure
to achieve one or more separate functions from various sys-
tem-level functions to be provided by the system-level pack-
aging structures.
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[0021] In the first chip or the first mounting layer 103 and
any subsequent chip layer or mounting layer, the passive
device may be any appropriate passive device, including
capacitors, resistors, and/or inductors.

[0022] Inthe first chip layer or the first mounting layer 103,
arrangement of chips and passive devices may be designed
according to the system functions. For example, a chip or
chips may be surrounded by same or different other chip or
chips and/or surrounded by same or different capacitors,
resistors, and inductors. Similarly, a passive device or passive
devices may be surrounded by same or different other passive
devices and/or surrounded by one or more same or different
chip or chips.

[0023] Returning to FIG. 1, after the first chip layer or the
first mounting layer 103 is attached on the substrate 101
(S103), a first sealant layer is formed on the substrate at the
same side attached with the first chip layer or the first mount-
ing layer 103 (S104). FIG. 5 shows a corresponding structure.
[0024] As shown in FIG. 5, the first sealant layer 105 is
formed on the top of the substrate covering the first chip layer
or the first mounting layer 130 while exposing connection
parts of the first chip layer or the first mounting layer 103.
That is, the first sealant layer 105 may cover and insulate or
isolate components in the first chip layer or the first mounting
layer with only the connection parts exposed. The connection
parts may include, for instance, the chip bonding pad(s) and
the passive device bonding pad(s). During subsequent manu-
facturing processes, the sealant layer 105 not only can protect
the surfaces of chips and passive devices in the first chip layer
or the first mounting layer 103 except the exposed bonding
pads of the first chip layer 103, but also can serve as a carrier
for the subsequent processes. Further, the first sealant layer
105 may also provide isolation and insulation for the elec-
tronic components in the first chip layer or the first mounting
layer 103.

[0025] The first sealant layer 105 may be made of any
appropriate materials, and may be formed with an approxi-
mately same thickness as that of the first chip layer or the first
mounting layer 103. In one embodiment, the first sealant
layer 105 is epoxy. Epoxy may be a desired material for the
first sealant layer 105 due to its high sealing performance and
easy molding. Further, the first sealant layer may be formed
using various methods including turn injection, compression,
or printing, etc.

[0026] Returning to FIG. 1, after the formation of the first
sealant layer 105, first vias are formed in the first sealant layer
105 (S105). FIG. 6 shows an exemplary structure correspond-
ing to S105.

[0027] As shown in FIG. 6, first vias 106 are formed in the
first sealant layer 105. Conductive material is subsequently
filled in the first vias 106 to form the first vertical metal wiring
131. The first vertical metal wiring 131 may be used to
achieve electrical connections between the first chip layer or
the first mounting layer 103 and the substrate 101 and
between the first chip layer or the first mounting layer 103 and
other chip layers or mounting layers.

[0028] Further, the first vias 106 may be formed by drilling.
The first vias may extend through the first sealant layer 105
and expose the substrate 101 to form interconnect channels
with substrate 101.

[0029] Sincethe sealant layer 105 has the desired insulating
performance, the vertical wiring can be selectively formed in
the sealant layer to achieve interconnection between the chip
layers or the mounting layers and between the first chip layer
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or the first mounting layer and the substrate. Component
interference in different layers may be reduced or avoided.
[0030] Returning to FIG. 1, after the first vertical metal
wiring 131 is formed, a first horizontal wiring layer is formed
on the top of the first sealant layer 105 (S106). FIG. 6 shows
a corresponding structure corresponding to S106.

[0031] As shown in FIG. 6, a first horizontal wiring layer
121 is formed on the top of the first sealant layer 105. The first
horizontal wiring layer 121 interconnects with the first verti-
cal metal wiring 131. Further, the first horizontal wiring layer
121 may be used to achieve electrical connections among
components in the first chip layer or the first mounting layer
103, i.e., interconnections for the first chip layer or the first
mounting layer 103. The first vertical metal wiring 131 and
the first horizontal wiring layer 121 may be referred as the
first wiring layer, and the first chip layer or the first mounting
layer 103, the first sealant layer 105, and the first wiring layer
may be referred as the first package layer.

[0032] Returning to FIG. 1, after the first wiring layer is
completed, a second chip layer or a second mounting layer is
stacked on the first sealant layer 105 (S107). FIG. 7 shows an
exemplary structure corresponding to S107.

[0033] As shownin FIG. 7, a second chip layer or a second
mounting layer 107 is stacked on the first sealant layer 105.
The term “stacking”, as used herein, refers to placing or
attaching the second chip layer or the second mounting layer
107 on a predetermined location on the first sealant layer 105.
Further, the second chip layer or the second mounting layer
107 is stacked with functional surface facing up.

[0034] Returning to FIG. 1, after the second chip layer or
the second mounting layer 107 is formed, a second sealant
layer is formed on the first sealant layer 105 and covers the
second chip layer or the second mounting layer 107 (S108).
FIG. 7 also shows an exemplary structure corresponding to
S108.

[0035] As shown in FIG. 7, a second sealant layer 108 is
formed on the top of the first sealant layer 105 and covers the
second chip layer or the second mounting layer 107. The
second sealant layer 108 is also formed in such a way to
expose chip bonding pad(s) and passive device sold pad(s) in
the second chip layer or the second mounting layer 107. The
second sealant layer 108 may include materials similar to the
first sealant layer 105, such as epoxy.

[0036] Further, returning to FIG. 1, after the second sealant
layer 108 is formed, second vias are formed in the second
sealant layer 108 and conductive material is then filled in the
second vias to form a second vertical metal wiring (S109).

[0037] FIG. 7 shows an exemplary structure corresponding
to S109.
[0038] As shown in FIG. 7, second vias 109 are formed in

the second sealant layer 108 and conductive materials is then
filled in the second vias 109 to form second vertical metal
wiring 132. The second vertical metal wiring 132 connects
the first wiring layer 121. Further, the second vias 109 extend
through the second sealant layer 108 to partially expose the
first horizontal wiring layer 121 to form interconnect chan-
nels with the first horizontal wiring layer 121. The second
metal vertical wiring 132 may be used to achieve electrical
connection between the second chip layer or the second
mounting layer 107 and other chip layer(s) or other mounting
layer(s) and between the second chip layer or the second
mounting layer and the substrate 101 through the first vias
106 in the first sealant layer 105.
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[0039] Returning to FIG. 1, after the second vertical metal
wiring 132 is formed, a second horizontal wiring layer is
formed on the second sealant layer 108 (S110). FIG. 7 shows
the corresponding structure corresponding to S110.

[0040] AsshowninFIG.7,asecond horizontal wiring layer
122 is formed on the top of the second sealant layer 108. The
second horizontal wiring layer 122 may be used to achieve
electrical connection among components of the second chip
layer or the second mounting layer 107, i.e., interconnections
for the second chip layer or the second mounting layer 107.
The second vertical metal wiring 132 and the second hori-
zontal wiring layer 122 may be referred as the second wiring
layer; and the second chip layer or the second mounting layer
107, the second sealant layer 108, and the second wiring layer
may be referred as the second package layer.

[0041] As shown in FIG. 2 (continued from FIG. 1), after
the second wiring layer is formed on the top of the second
sealant layer 108, a third chip layer or a third mounting layer
is stacked on the second sealant layer 108 (S111). FIG. 8
shows an exemplary structure corresponding to S111.
[0042] As shown in FIG. 8, a third chip layer or a third
mounting layer 110 is formed on the top of the second sealant
layer 108. The third chip layer or the third mounting layer 110
may include multi-functional chips. Further, the third chip
layer or the third mounting layer 110 is stacked with func-
tional surface facing up.

[0043] Returning to FIG. 2, after the third chip layer or the
third mounting layer 110 is formed, a third sealant layer is
formed on the second sealant layer 108 and covers the third
chip layer or the third mounting layer 110 (S112). FIG. 8 also
shows an exemplary structure corresponding to S112.
[0044] As shown in FIG. 8, the third sealant layer 111 is
formed on the top of second sealant layer 108 covering the
third chip layer or the third mounting layer 110 while expos-
ing connection parts of the third chip layer or the third mount-
ing layer 110. The third sealant layer 111 may include mate-
rials similar to the first sealant layer 105 and/or the second
sealant layer 108, such as epoxy.

[0045] Returning to FIG. 2, after the third sealant layer 111
is formed, third vias are formed in the third sealant layer 111
and conductive material is then filled in the third vias to form
a third vertical metal wiring (S113). FIG. 8 also shows an
exemplary structure corresponding to S113.

[0046] As shown in FIG. 8, third vias 118 are formed in the
third sealant layer 111 and conductive material is then filled in
the third vias 118 to form a third vertical metal wiring 133.
The third vias 112 extend through the third sealant layer 111
to partially expose the second horizontal wiring layer 122 to
form interconnect channels with the second horizontal wiring
layer 122. The third vertical wiring 133 may be used to
achieve electrical connection between the third chip layer or
the third mounting layer 110 and other chip layer(s) or other
mounting layer(s) or the substrate 101.

[0047] Returning to FIG. 2, after the third vertical metal
wiring 133 is formed, a third horizontal wiring layer is formed
on the top of the third sealant layer 111 (S114). FIG. 8 shows
an exemplary structure corresponding to S114.

[0048] As shown in FIG. 8, a third horizontal wiring layer
123 is formed on the top of the third sealant layer 111. The
third horizontal wiring layer 123 connects the third vertical
metal wiring 133. Further, the third horizontal wiring layer
123 may be used to achieve electrical connections among
components in the third chip layer or the third mounting layer
110, i.e., interconnections for the third chip layer or the third
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mounting layer 110. The third vertical metal wiring 133 and
the third horizontal wiring layer 123 may be referred as the
third wiring layer, and the third chip layer or the third mount-
ing layer 110, the third sealant layer 111, and the third wiring
layer may be referred as the third package layer.

[0049] Still in FIG. 8, the third horizontal wiring layer 123
interconnects with the second horizontal wiring layer 122
through the third vertical metal wiring 133. In other words,
the upper and lower wiring layers of the third sealant layer
111 are interconnected through the third vias 112, thus
achieving the interconnection between the third chip layer or
the third mounting layer 110 and the second chip layer or the
second mounting layer 107.

[0050] Returningto FIG. 2, after the third horizontal wiring
layer 123 is formed, a first protection layer is formed on the
third sealant layer 111 and partially exposes the third hori-
zontal wiring layer 123 (S115). FIG. 9 shows an exemplary
structure corresponding to S115.

[0051] As shown in FIG. 9, a first protection layer 113 is
formed onthe third sealant layer 111 and partially exposes the
third horizontal wiring layer 123. The exposed portion of the
third horizontal wiring layer 123 may be used for further
wiring or connections. The material for forming the first
protection layer 113 may include any appropriate materials,
such as polyimide.

[0052] Returning to FIG. 2, after a first protection layer is
formed, a metal redistribution layer is formed on the first
protection layer 113 and connects the third horizontal wiring
layer 123 on the partially exposed surface (S116). FIG. 9
shows an exemplary structure corresponding to S116.
[0053] Asshown in FIG. 9, a metal redistribution layer 124
is formed on the first protection layer 113 and selectively
connects the third horizontal wiring layer 123 on the partially
exposed surface. The metal redistribution layer 124 may be
used to reconfigure or redistribute the interconnections by
selectively connecting the exposed connection portion of the
third horizontal wiring layer 123.

[0054] Returning to FIG. 2, after the metal redistribution
layer 124 is formed, a second protection layer is formed on the
first protection layer 113 and partially exposing the metal
redistribution layer 124 (S117). FIG. 9 shows the exemplary
structures corresponding to S117.

[0055] AsshowninFIG. 9, a second protection layer 114 is
formed on the top of'the first protection layer 113. Similar to
the first protection layer 113, the material for forming the
second protection layer 114 may include polyimide. The
exposed portion of the metal redistribution layer 124 may be
used to output internal circuitry or wiring.

[0056] Returning to FIG. 2, after the second protection
layer 114 is formed on the first protection layer 113, an
under-the-ball metal layer is formed on the exposed surface of
the metal redistribution layer 124 (S118). FIG. 9 shows an
exemplary structure corresponding to S118.

[0057] As shown in FIG. 9, an under-the-ball metal layer
125 is formed on the exposed surface of the metal redistribu-
tion layer 124. The term “under-the-ball metal layer” may
refer to the metal layer providing connection and support for
connection balls or bumps as outputs of the system-level
packaging structure.

[0058] Returning to FIG. 2, after a under-the-ball metal
layer 125 is formed, metal solder balls or bumps are planted
on the exposed surfaces of the under-the-ball metal layer 125
(S119). FIG. 9 shows a corresponding structure correspond-
ing to S119.
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[0059] AsshowninFIG. 9, metal solder balls or bumps 115
are planted on the exposed surfaces of the under-the-ball
metal layer 125 to form the connection balls. More specially,
solder balls or bumps are planted or deposited at locations
corresponding to the exposed surfaces of the under-the-ball
metal layer 125 so that internal wiring can be outputted. The
solder balls may include any appropriate material, such as
metal tin or others.
[0060] Thus, at this point, a 3D system-level packaging
structure is formed, including the plurality of the chip layers
or the mounting layers, the interconnection among which is
achieved through the wiring layers. Further, the metal redis-
tribution layer 124 may be optional and may be omitted in
certain other embodiments. If metal redistribution layer 124
is omitted, the under-the-ball metal layer 125 may be formed
on the exposed bonding pads of the chips and/or passive
devices in the third chip layer 110 (i.e., the top-level chip
layer) over the first protection layer 113. Connection metal
solder balls or bumps 115 are then formed on the under-the-
ball metal layer 125.
[0061] Inaddition, although three chip layers or mounting
layers are used for illustrative purposes, any number of chip
layers or mounting layers may be used. For example, FIG. 10
shows another 3D system-level packaging structure with two
chip layers or mounting layers.
[0062] As shown in FIG. 10, similar to the system-level
packaging structure in FIG. 9, the 3D system-level packaging
structure includes a packaging wafer substrate 201 and a glue
layer 202 formed on the substrate 201. A first package layer
205 may be attached on the substrate 201 through the glue
layer 202. A second package layer 206 may be stacked on the
first package layer 205. Further, a first protection layer 213
may be formed on the second package layer 206 and a metal
redistribution layer 224 is formed through the first protection
layer 213.
[0063] A second protection layer 214 may be formed on the
first protection layer 213 and an under-the-ball metal layer
225 is formed through the second protection layer 214. Fur-
ther, metal solder balls or bumps 215 may be planted on
corresponding positions on the under-the-ball metal layer
225.
[0064] The first package layer 205 may include a first chip
layer or a first mounting layer 207, a first sealant layer 208,
and a first wiring layer 209. The second package layer 206
may include a second chip layer or second mounting layer
211, a second sealant layer 212, and a third wiring layer 210.
The first chip layer 205, the second chip layer 206, and the
substrate 201 may be interconnected through a first wiring
layer 209 and a second wiring layer 210.
[0065] The disclosed methods and structures may have
many advantages over traditional IC packaging technologies.
The integration degree of the 3D system-level packaging
method and structure may be substantially increased due to
the fact that the sealant layers have similar thickness to the
chip layers or the mounting layers with desired insulation and
isolation performance. Other applications and advantages are
obvious to those skilled in the art.

What is claimed is:

1. A method for 3D system-level packaging, comprising:

providing a packaging substrate;

forming a glue layer on the substrate;

attaching a first chip layer at an opposite side of a func-

tional surface of the first chip layer on the packaging
substrate through the glue layer;
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forming a first sealant layer on the packaging substrate at a
same side attached with the first chip layer and exposing
bonding pads of the first chip layer;

forming first vias in the first sealant layer;

forming first vertical metal wiring in the first vias;

forming a first horizontal wiring layer on the sealant layer
interconnecting the first chip layer and the first vertical
metal wiring; and

forming a plurality of package layers on the first sealant
layer, wherein each of the plurality of package layers
includes a chip layer, a sealant layer covering the chip
layer, and vertical metal wiring and a horizontal wiring
layer interconnecting adjacent package layers.

2. The method for 3D system-level packaging according to

claim 1, wherein a package layer of the plurality package
layers is formed by:

stacking a chip layer of the package layer including on a
sealant layer of a preceding package layer;

forming a sealant layer of the package layer on the sealant
layer of the preceding package layer and covering the
chip layer while exposing bonding pads of the chip
layer;

forming vias in the sealant layer of the package layer and
extending to a horizontal wiring layer of the preceding
package layer;

forming a vertical metal wiring in the vias and connecting
with the horizontal wiring layer of the preceding pack-
age layer; and

forming a horizontal wiring layer of the package layer on
the sealant layer of the package layer and connecting
with the vertical metal wiring of the package layer and
connecting with the chip layer in the package layer.

3. The method for 3D system-level packaging according to

claim 1, further including:

forming a first protection layer on a top-level sealant layer
and partially exposing a top-level horizontal wiring
layer;

forming a metal redistribution layer on the first protection
layer and connecting with the top-level horizontal wir-
ing layer;

forming a second protection layer on the first protection
layer and partially exposing the metal redistribution
layer;

forming a under-the-ball metal layer on the exposed the
metal redistribution layer; and

forming metal solder balls on the under-the-ball metal
layer.

4. The method for 3D system-level packaging according to

claim 1, further including:

forming a first protection layer on a top-level sealant layer
and partially exposing a top-level wiring layer;

forming an under-the-ball metal layer on the exposed top-
level wiring layer; and

forming metal solder balls on the under-the-ball metal
layer.

5. The method for 3D system-level packaging according to

claim 3, wherein:

the first protection layer or the second protection layer is
made of polyimide.
6. The method for 3D system-level packaging according to

claim 1, wherein:

the first chip layer or the chip layer includes at least one of
a chip group and a passive device group;
the chip group includes one or more chips; and
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the passive device group includes any of capacitors, resis-
tors, and inductors.

7. The method for 3D system-level packaging according to

claim 1, wherein:

the sealant layer is made of epoxy.

8. The method for 3D system-level packaging according to

claim 1, wherein:

the sealant layer is formed by turn injection, compression,
or printing.

9. A 3D system-level packaging structure, comprising:

a packaging substrate;

a glue layer formed on the substrate;

a first chip layer attached on the packaging substrate
through the glue layer at an opposite side of a functional
surface of the first chip layer;

a first sealant layer formed on the packaging substrate at a
same side attached with the first chip layer and exposing
bonding pads of the first chip layer;

first vias formed in the first sealant layer;

first vertical metal wiring formed in the first vias;

a first horizontal wiring layer formed on the sealant layer
interconnecting the first chip layer and the first vertical
metal wiring; and

a plurality of package layers formed on the first sealant
layer, wherein each of the plurality of package layers
includes a chip layer, a sealant layer covering the chip
layer, and vertical metal wiring and a horizontal wiring
layer interconnecting adjacent package layers.

10. The 3D system-level packaging structure according to

claim 9, wherein:

a chip layer of a package layer of the plurality package
layers is stacked on a sealant layer of a preceding pack-
age layer;

a sealant layer of the package layer is formed on the sealant
layer of the preceding package layer and covering the
chip layer of the package layer while exposing bonding
pads of the chip layer;

vias are formed in the sealant layer ofthe package layer and
extending to a horizontal wiring layer of the preceding
package layer;

a vertical metal wiring is formed in the vias and connecting
with the horizontal wiring layer of the preceding pack-
age layer; and

a horizontal wiring layer of the package layer is formed on
the sealant layer of the package layer and connecting
with the vertical metal wiring of the package layer and
connecting with the chip layer of the package layer.

11. The 3D system-level packaging structure according to

claim 9, further including:

a first protection layer formed on a top-level sealant layer
and partially exposing a top-level horizontal wiring
layer;

a metal redistribution layer formed on the first protection
layer and connecting the top-level horizontal wiring
layer;

a second protection layer formed on the first protection
layer and partially exposing the metal redistribution
layer;

an under-the-ball metal layer formed on the exposed metal
redistribution layer; and

metal solder balls formed on the under-the-ball metal layer.
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12. The 3D system-level packaging structure according to
claim 9, further including:
a first protection layer formed on a top-level sealant layer
and partially exposing a top-level wiring layer;
an under-the-ball metal layer formed on the exposed top-
level wiring layer; and
metal solder balls formed on the under-the-ball metal layer.
13. The 3D system-level packaging structure according to
claim 12, wherein:
the first protection layer or the second protection layer is
made of polyimide.
14. The 3D system-level packaging structure according to
claim 9, wherein:
the first chip layer or the chip layer includes at least one of
a chip group and a passive device group;
the chip group includes one or more chips; and
the passive device group includes any of capacitors, resis-
tors, and inductors.
15. The 3D system-level packaging structure according to
claim 9, wherein:
the sealant layer is made of epoxy.
16. The 3D system-level packaging structure according to
claim 9, wherein:
the sealant layer is formed by turn injection, compression,
or printing.
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